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Sample	Location Weekly	Student	Minutes Sample	Location Weekly	Student	Minutes
ISC	1221 192065 JBLAIR	221 37510
MILLER	1008 182570 MORTON	20 36775
MILLER	1013 119290 MILLER	1018 35737.5
WSHGTN	201 101035 MILLER	1077 35460
ISC	1127 98325 JBLAIR	229 35252.5
ANDREW	101 96550 MORTON	201 34040
MILLER	1088 94437.5 WSHGTN	301 33665
MILLER	1027 90742.5 BLOW	333 32752.5
SMALL	110 87765 MILLER	1078 32525
MILLER	1019 85377.5 JONES	306 31877.5
MCGLTH	20 74870 EWELL	151 31830
TUCKER	127A 63572.5 TUCKER	111 30555
JONES	301 60867.5 DUPONT_LOUNGE 672840
MILLER	1082 55650 DUPONT_HALLWAY 672840
TYLER	123 49852.5 SWEM3 663180
MILLER	1069 49510 SWEM2 663180
ISC	1280 48777.5 SWEM1_READING 663180
TYLER	133 48545 SWEM1_COMPUTER 663180
JBLAIR	201 47522.5 LEMON_LOUNGE 423360
BLOW	332 45705 LEMON_HALLWAY 423360
SMALL	111 45700 CHANDLER_HALLWAY 365400
TYLER	134 44077.5 REC_B 282450
JBLAIR	205 44070 REC_A 282450
JONES	302 40492.5 SADLER_C 273000
ISC	1061 39870 SADLER_B 273000
MORTON	220 38367.5 SADLER_A 273000
BLOW	331 37667.5 COMMONS_B 220500


















































































































































































Model AICc ΔAICc Weight	(%)
dB	SPL	~	Motion	sensor	+	Height	+	Area 517.88 0 62.8
dB	SPL	~	LED	tubes	+	LED	bulbs	+	Motion	sensor	+	Height	+	Area 519.63 1.75 26.2
dB	SPL	~	Fluorescent	tubes	+	Fluorescent	bulbs	+	Motion	sensor	+	Height	+	Area 521.80 3.92 8.85
dB	SPL	~	Fluorescent	tubes	+	Fluorescent	bulbs	+	LED	tubes	+	LED	bulbs	+	Motion	sensor	+	Height	+	Area 524.64 6.76 2.14
dB	SPL	~	LED	tubes	+	LED	bulbs	+	Height	+	Area 539.08 21.21 0.00156
dB	SPL	~	Fluorescent	tubes	+	Fluorescent	bulbs	+	Height	+	Area 540.44 22.56 0.000792
dB	SPL	~	Fluorescent	tubes	+	Fluorescent	bulbs	+	LED	tubes	+	LED	bulbs	+	Height	+	Area 543.55 25.67 0.000167
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Human	exposure	
	
	 A	Spearman	rank	correlation	test	revealed	that	there	was	not	a	strong	association	
between	student	space	use	(weekly	student	minutes)	and	ultrasound	intensity	(average	dB	
SPL)	(S=33,272,	p-val	=	0.3135	and	rho=	-0.14).	This	indicates	that	spaces	with	the	most	
intense	ultrasound	noise	do	not	have	the	highest	level	of	student	use	and	exposure.	
However,	of	56	total	sampled	spaces,	48	or	86%	had	recorded	ultrasound	noise.	This	
Figure	3:	Coefficient	plot	of	top	ultrasound	models	and	associated	predictors.	
Error	bars	represent	95%	CI.	
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suggests	that	students	are	spending	the	majority	of	their	time	in	spaces	with	detectable	
ultrasound	noise,	albeit	at	varying	intensities.	
	
Discussion	
	
	 This	is	the	first	study	to	definitively	identify	the	existence	of	widespread	terrestrial,	
ultrasound	noise	pollution	in	human	occupied	spaces.	Due	to	the	prevalence	of	ultrasonic	
machinery,	ultrasound	noise	is	heavily	documented	in	industrial	settings.	Thus,	guidelines	
for	ultrasound	exposure	levels	have	been	set	for	industrial	workers.	However,	guidelines	
do	not	exist	to	protect	members	of	the	U.S.	public	from	unintended	ultrasound	noise	
exposure.	Previous	studies	and	reports	have	identified	the	potential	existence	of	
ultrasound	noise	in	public	spaces[11,23].	However,	none	have	systematically	addressed	the	
frequency	range,	intensity,	and	sources	of	ultrasound	noise.	Here,	we	identified	these	
factors	and	assessed	the	potential	for	chronic,	unintended	human	exposure	to	ultrasound	
noise	pollution.	
Figure	4:	Weekly	student	exposure	to	ultrasound	in	each	sampled	space.	Sampled	spaces	are	sorted	by	average	dB	SPL.	Students	
are	chronically	exposed	to	ultrasound	noise,	albeit	at	varying	intensities.	
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	 On	the	William	&	Mary	campus,	we	identified	ultrasound	noise	between	20	and	55	
kHz	and	3	to	78	(and	greater,	though	beyond	the	detection	limit	of	our	instruments)	dB	SPL	
in	56	spaces	routinely	used	by	students.	As	previously	stated,	the	U.S.	Airforce	permits	a	
maximum	ultrasound	exposure	level	of	85	dB	SPL	between	12.5	and	40	kHz	for	a	workday	
exceeding	four	hours	[23].	The	level	of	ultrasound	noise	that	students	are	exposed	to	on	the	
William	&	Mary	campus	falls	within	this	maximum	recommended	range	of	exposure,	and	it	
is	possible	that	some	students	are	chronically	exposed	to	higher	intensity	ultrasound	
depending	on	which	campus	spaces	they	use	most.	The	guidelines	issued	by	the	U.S.	
Airforce	are	intended	to	be	the	maximum	recommended	range,	and	these	levels	of	
exposure	to	ultrasound	are	likely	not	optimal	for	student	health	and	academic	
performance.	In	addition,	these	industrial	guidelines	were	primarily	set	to	prevent	hearing	
loss	and	may	not	have	accounted	for	the	non-hearing	related	effects	of	chronic	ultrasound	
noise	exposure.	Furthermore,	it	is	likely	that	the	maximum	78	dB	SPL	of	ultrasound	noise	
observed	in	this	study	may	have	been	artificially	low.	As	discussed,	the	EMT	maxes	out	
near	78	dB	SPL	and	does	not	accurately	record	sounds	exceeding	that	amplitude.	In	all	
locations	with	a	relatively	high	number	of	motion	detectors	(i.e.	Miller	Hall,	Integrated	
Science	Center,	Sadler,	Chandler	Hall)	the	EMT	displayed	harmonic	ultrasound	frequencies,	
indicating	that	it	had	maxed	out.	Thus,	the	amplitude	of	ultrasound	noise	in	these	locations	
likely	exceeded	78	dB	SPL.	Subsequent	investigations	should	employ	a	sound	recording	
device	with	a	wider	amplitude	range.	Depending	on	the	duration	of	exposure,	ultrasound	
noise	exceeding	80	dB	SPL	may	be	especially	detrimental	for	humans.	
	 Considering	that	there	a	number	of	symptoms	associated	with	industrial	exposure	
to	ultrasound	noise	such	as	headaches,	vertigo,	and	fatigue,	the	presence	of	ultrasound	
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noise	on	a	college	campus	is	reason	for	concern[11,23].	Previous	studies	documented	the	
detrimental	effects	of	ultrasound	exposure	above	100	dB	on	cell	proliferation	and	animal	
development	[17–19].	In	these	studies,	the	length	of	exposure	was	relatively	short,	
between	1	and	30	minutes,	yet	the	consequences	were	severe.	More	“subjective”	symptoms	
of	ultrasound	exposure	like	headaches	and	fatigue	are	decidedly	less	severe,	so	it	is	
reasonable	to	conclude	that	less	intense	(lower	dB)	ultrasound	exposure	may	result	in	
these	subjective	symptoms.	In	addition,	lower	dB	ultrasound	exposure	for	a	longer	period	
of	time	may	be	just	as	detrimental	as	high	dB	ultrasound	exposure	for	a	short	period	of	
time.	Thus,	daily	student	exposure	to	ultrasounds	below	100	dB	may	result	in	the	
subjective	symptoms	associated	with	chronic	ultrasound	noise	exposure[11].	Future	
studies	should	address	how	chronic	ultrasound	noise	exposure	between	20	and	55	kHz	and	
30	to	78	dB	SPL	affects	human	health	and	the	incidence	of	subjective	symptoms.	These	
studies	should	consider	both	adolescent	and	adult	human	subjects,	as	there	is	likely	a	great	
deal	of	age-related	variation	in	how	ultrasounds	affect	human	health.		
	 The	possibility	of	subjective	symptoms	due	to	chronic	ultrasound	noise	exposure	is	
concerning	as	86%	of	the	campus	spaces	considered	in	this	study	had	ultrasound	noise.	
While	the	level	of	student	use	(weekly	student	minutes)	did	not	correlate	with	the	intensity	
of	ultrasound,	it	is	nonetheless	clear	that	students	are	chronically	exposed	to	ultrasound	
noise.	Ultrasound	noise	is	present	in	both	academic	and	recreational	facilities,	so	exposure	
spans	the	full	spectrum	of	daily	student	life.	Given	the	great	variation	in	the	intensity	of	
recorded	ultrasound	noise	(3	to	78	dB	SPL),	subjective	symptoms	could	occur	depending	
on	the	duration	of	individual	student	exposure.	For	example	Miller	Hall	(Business	School)	
had	ultrasound	between	67	and	75	dB	SPL	in	each	sampled	classroom	space.	Notably,	
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Business	students	are	chronically	exposed	to	fairly	intense	ultrasounds,	perhaps	for	8	or	
more	hours	in	a	day.	75	dB	(and	likely	greater	given	the	limitations	of	the	EMT	device)	is	
close	to	the	85	dB	maximum	allowable	level	set	by	the	U.S.	Airforce,	so	it	is	concerning	that	
a	large	portion	of	William	&	Mary	students	are	exposed	to	comparable	levels	of	ultrasound.	
U.S.	Airforce	members	and	industrial	workers	with	ultrasound	exposure	regulations	
probably	are	supplied	with	adequate	protection	(hearing	and	otherwise).	The	same	is	not	
true	for	students,	and	no	guidelines	exist	to	regulate	public	exposure	to	ultrasound.	
	 Based	on	the	identification	of	ultrasound	noise	sources	in	this	study,	there	is	a	
strong	potential	for	chronic	human	exposure	to	ultrasound	noise.	In	this	study,	the	number	
of	motion	sensors	drove	the	variation	in	ultrasound	intensity	(dB	SPL).	Sampled	spaces	
with	the	greatest	number	of	motion	sensors	also	had	the	most	intense	ultrasound.	
Considering	this	era’s	drive	for	“green”	building	plans,	motion-operated	lighting	is	
prevalent	in	public	spaces	such	as	schools,	libraries,	offices,	and	airports,	making	
ultrasound	noise	nearly	ubiquitous.	However,	as	demonstrated	in	this	study,	the	intensity	
of	ultrasound	noise	varies	greatly,	and	the	ultimate	impact	on	human	health	depends	on	
the	duration	of	exposure.	With	that	in	mind,	future	investigations	must	assess	the	
frequency	range	and	intensity	of	ultrasound	noise	in	a	wide	variety	of	public	spaces.	Whilst	
additional	data	on	ultrasound	noise	is	required,	the	frequency	range	and	intensity	of	
ultrasound	noise	as	defined	in	this	study	can	be	used	to	experimentally	address	how	
chronic	ultrasound	noise	exposure	affects	humans.		
	 In	a	preliminary	investigation	addressing	the	impact	of	ultrasound	noise	on	humans,	
Elizabeth	Ransone	(Swaddle	Lab)	has	tested	the	effect	of	ultrasound	noise	exposure	on	
Saccharomyces	cerevisiae	colony	growth.	S.	cerevisiae	exposed	to	a	40	kHz	tone	at	78	dB	
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SPL	displayed	reduced	colony	growth.	Essentially,	this	experiment	has	demonstrated	that	
ultrasound	noise	at	the	levels	identified	on	the	William	&	Mary	campus	has	some	biological	
effect	on	eukaryotic	cells.	S.	cerevisiae	colonies	can	be	used	as	a	model	system	for	human	
skin,	so	this	finding	suggests	that	ultrasound	noise	may	negatively	affect	human	skin	cells.	
Ultrasound	noise	dosage	experiments	with	model	systems	such	as	S.	cerevisiae	should	build	
upon	this	preliminary	finding	and	further	address	the	effect	of	ultrasound	noise	exposure	
on	humans.	
	 While	this	study	did	not	show	a	strong	association	between	the	number	of	light	
bulbs	and	the	intensity	of	ultrasound,	both	fluorescent	and	LED	lighting	emit	low-intensity	
ultrasound.	When	sampling	a	space	with	no	motion	detectors	but	with	a	high	number	of	
light	bulbs,	ultrasound	noise	was	only	observed	when	the	lights	were	on.	This	indicates	
that	lighting	emits	ultrasound	noise,	albeit	at	relatively	low	intensities	(~	30	dB	SPL).	While	
such	low	intensity	ultrasound	may	not	be	particularly	concerning	for	humans,	there	are	
negative	implications	for	wildlife.	Outdoor	lighting	is	prevalent	in	urban	areas	where	bats,	
insects,	and	other	organisms	utilizing	ultrasounds	persist.	Depending	on	its	frequency	
range,	environmental	ultrasound	noise	may	interfere	with	bat	hunting	strategies	and	with	
insect	communication.	Light	pollution	alone	is	detrimental	for	wildlife,	but	ultrasound	
noise	as	a	secondary	component	may	have	equal	cause	for	concern.	Clearly,	additional	
studies	are	required	to	systematically	quantify	environmental	ultrasound	noise	and	to	
isolate	the	relative	effects	of	light	and	ultrasound	noise	on	wildlife.	
	 My	research	has	systematically	identified	the	existence	of	terrestrial	ultrasound	
noise	pollution	with	clear	implications	for	chronic	human	exposure.	Given	the	prevalence	
of	motion	sensor	technology	and	of	lighting,	the	ubiquity	of	ultrasound	noise	in	human-
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occupied	public	spaces	is	plausible.	In	addition,	lighting	as	an	observed	source	of	low-
intensity	ultrasound	noise	may	have	negative	consequences	for	wildlife	communicating	at	
or	utilizing	ultrasonic	frequencies.	Future	investigations	should	use	the	methods	developed	
in	this	study	to	further	assess	ultrasound	noise	pollution	in	public	spaces.	Experiments	
should	address	how	chronic	ultrasound	noise	exposure	impacts	human	health	and	
definitively	associate	exposure	with	previously	suggested	subjective	symptoms.	In	some	
way,	the	public	must	be	protected	from	unintended	chronic	ultrasound	noise	exposure.	
One	solution	is	the	development	of	exposure	guidelines	specifying	a	maximum	allowable	
intensity	of	ultrasound	noise	and	duration	of	exposure.	Given	the	probable	high	degree	of	
variation	in	human	exposure	to	ultrasound,	regulating	such	guidelines	may	be	difficult.	As	
an	alternative,	motion	sensor	technologies	could	be	modified	to	reduce	the	intensity	of	
emitted	ultrasound	noise	to	a	level	where	humans	are	unaffected.		
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